A remarkable feature of the domestic boar (Sus scrofa) is high circulating estrogen concentrations 3 (Claus and Hoffman, 1980; Setchell et al, 1983) . Estrogen concentrations peak during neonatal development, 4 between 1 to 3 weeks of age, and transiently decrease and remain at low level until pubertal development 5 (Ford, 1983) . Changes in the serum levels of free androgens and conjugated steroids also show similar 6 patterns with those of estrogens during postnatal development of male pigs (Colenbrander et al, 1978;  selected after a series of multiple preliminary trials for each antibody. We used dilutions of 1:1,000 for 1 CYP19 (polyclonal rabbit anti-CYP19; a generous gift from Dr. Nobuhiro Harada, Fujita Health University, 2 Japan), 1:400 for CYP11A1 (AB1244, Chemicon International, Temecular, CA), 1:2,000 for HSD17B4 3 (monoclonal mouse anti-HSD17B4; a kind gift from Dr. Gabriele Möller, GSF-Research Center for 4 Environment and Health, Neuherberg, Germany), 1:500 for CBR1 (ab4148, Abcam Ltd., Cambridge, UK), 5 1:500 for CYP17A (polyclonal rabbit anti-CYP17A; a generous gift from Dr. Anita Payne, Stanford 6 University, USA), 1:200 for ALR2 (polyclonal rabbit anti-ALR2; a gracious gift from Dr. Motoko Takahashi,
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Saga University, Saga, Japan), and 1:500 for HSD3B (polyclonal rabbit anti-HSD3B; a benevolent gift from IgG secondary antibody (DAKO Corporation, Carpinteria, CA) for CRB1 in a humidified chamber at room peroxidase (Vector Laboratories, Burlingame, CA) was placed on slides in a humidified chamber at room Duluth, GA). The photographic images were processed in PhotoShop software (Adobe Systems, San Jose, 2 3 CA).
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Western blotting analysis 2 6 2 7
Forty micrograms of protein were fractionated on 12% SDS-PAGE polyacrylamide gel (Invitrogen,
Carlsbad, CA) and electrotransferred to a nitrocellulose membrane. After rinsing in Tris-buffered saline with 2 9
Tween (TBST; 0.2M Tris, 1.37M NaCl, 0.05% Tween-20), non-specific binding was blocked by incubation Data for mRNA and protein abundance were expressed relative to 0 week of age as arbitrary units.
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In the figures, data are presented as a mean ± SD. A lack of bars indicates an insignificant SD. Comparison of 1 5 mean differences among neonatal and prepubertal ages were made using one-way analysis of variance 1 6 (ANOVA), followed by Tukey's test, using SPSS software (SPSS Inc., Chicago, IL). In all cases, results were 1 7 considered significant if P < 0.05. The presence and expression of CYP19 mRNA and protein were detected in the neonatal and 2 6
prepubertal pig testes (Fig. 1) . The level of CYP19 mRNA expression was not significantly different between
0 and 1 week of age (Fig. 1A) . However, a significant increase of the CYP19 mRNA level was observed at 2 2 8
weeks of age (Fig. 1A) . The abundance of CYP19 transcript at 3 weeks of age was similar with those at 0 and 2 9 1 week of age (Fig. 1A) . A significant decrease of the CYP19 mRNA level was detected at 4 months of age, and was approximately 20-fold lower than the abundance of CYP19 mRNA at 0 week of age (Fig. 1A) . A 3 1 similar expression pattern was found for the protein level (Fig. 1B) . A significant increase of the CYP19 3 2 protein level was observed at 2 weeks of age (Fig. 1B) . Compared to the level at 0 week of age, the levels of CYP19 (≈50kDa) at 1 week and 3 weeks of ages were not significantly changed (Fig. 1B) . However, the 1 abundance of CYP19 was significantly lower at 4 months of age than at 0 week of age (Fig. 1B ).
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Immunohistochemical analysis showed an exclusive localization of CYP19 in Leydig cells of the testis, 3 regardless of the postnatal ages ( Fig. 1C and table 2 ). Sex cords (SCs) in the neonatal testis and seminiferous 4 tubules (STs) in the prepubertal testis were devoid of CYP19 staining (Fig. 1C) . Strong immuno-positive 5 staining of CYP19 in Leydig cells was found at all neonatal ages (Fig. 1C) . However, the immuno-reactivity 6 of CYP19 was visibly reduced in Leydig cells at 4 months of age ( Fig. 1C and Table 2 ). The expression level of CYP11A1 mRNA was significantly increased at 1 week of age, compared
with the expression level at 0 week of age ( Fig. 2A) . The abundance of CYP11A1 mRNA remained
significantly high at 2 and 3 weeks of age ( Fig. 2A ), but the expression of CYP11A1 mRNA was significantly
reduced at 4 months of age ( Fig. 2A) . In contrast to the mRNA expression pattern, the highest level of CYP11A1 protein (≈52kDa) was found at 0 week of age, followed by significantly decreased levels of 1 6
CYP11A1 at 1, 2, and 3 weeks of age ( Fig. 2B ). At 4 months of age, the testes possessed the lowest level of 1 7 CYP11A1 (Fig. 2B ). Restricted immuno-reactivity of CYP11A1 was found in Leydig cells ( Fig. 2C and Table   1  8 2). No positive immuno-staining of CYP11A1 was observed in SCs during the neonatal period (Fig. 2C ).
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However, at 4 months of age, CYP11A1 was immunolocalized in some germ cells, including secondary 2 0 spermatocytes and round spermatids, as well as Leydig cells ( Fig. 2C and Table 2 ). The abundance of CBR1 mRNA was increased with age during the neonatal period (Fig. 3A) . The highest expression of CBR1 mRNA was detected at 3 weeks of age, while the testes expressed the lowest level of CBR1 mRNA at 4 months of age (Fig. 3A) . Western blot analysis also showed significant increases of CBR1 protein (≈30kDa) at 2 and 3 weeks of age (Fig. 3B ). Like in CBR1 mRNA, the expression of CBR1 2 9
protein in the testis was significantly reduced at 4 months of age (Fig. 3B) . Regardless of age, the strong 3 0
immuno-reactivity of CBR1 was exclusively localized in Leydig cells, but not in SCs or Sertoli and germ 3 1 cells in STs ( Fig. 3C and Table 2 ). The expression and immunohistochemical localization of HSD17B4 mRNA and protein are shown 3 in Fig. 4 . The level of HSD17B4 mRNA was increased with neonatal age, followed by a significant decrease 4 at 4 months of age (Fig. 4A) . The highest mRNA expression of HSD17B4 was found at 3 weeks of age (Fig. 5 4A). Western blot analysis showed a single band of HSD17B4 protein (≈32kDa) in the testis (Fig. 4B ).
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Interestingly, the highest level of HSD17B4 protein was found at 0 week of age, followed by a significant 7 decrease at 1 week of age (Fig. 4B) . However, the amounts of HSD17B4 protein at 2 and 3 weeks of age were 8 not significantly different to the level at 0 week of age (Fig. 4B ). As seen in mRNA expression, the lowest 9 expression of HSD17B4 protein was found at 4 months of age ( Table 2 ). However, at 4 months of age, the Leydig cells were devoid of HSD17B4 ( Fig. 4C) , and the blood- testis barrier (BTB) along the Sertoli cells was strongly immunostained for HSD17B4 ( Fig. 4C and Table 2 ).
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Neither Sertoli cells nor germ cells were immuno-positive for HSD17B4 at 4 months of age ( Expression and localization of 17α-hydroxylase transcript and protein
The expression of CYP17A mRNA was significantly increased at 1, 2, and 3 weeks of age,
compared with that at 0 week of age ( Table 2 ). The Sertoli cells and germ cells were immuno-negative for CYP17A ( Fig. 5C and Table 2 ). Changes of expression and localization of 3β-hydroxysteroid dehydrogenase mRNA and The expression of HSD3B mRNA was significantly increased at 1 week of age (Fig. 6A) . The abundance of HSD3B mRNA at 2 and 3 weeks of ages was significantly decreased, compared to that at 1 1 1 week of age (Fig. 6A) . A significant decrease of HSD3B mRNA expression was seen at 4 months of age ( Fig.   1 6A). Western blot analysis showed that the level of HSD3B protein (≈45kDa) was the highest at 0 week of 2 age (Fig. 6B) . A significant decrease of HSD3B level was found at 1 week of age, followed by further 3 significant decrease at 3 week of age (Fig. 6B) . The lowest level of HSD3B protein in the boar testis was 4 detected at 4 months of age (Fig. 6B) . Immunohistochemistry revealed the localization of HSD3B in Leydig 5 cells and SCs at neonatal ages ( Fig. 6C and Table 2 ). Strong immuno-reactivity of HSD3B was detected in 6
SCs at all neonatal ages, while the intensity of the positive reaction of HSD3B in Leydig cells varied to some 7 extent with age ( Fig. 6C and Table 2 ). At 4 months of age, the immuno-reactivity of HSD3B became visibly 8 weaker and was found in Leydig cells and Sertoli cells, as well as the blood-testis barrier ( Fig. 6C and Table   9 2). The expressions of ALR2 mRNA and protein were shown in Figure 7A and 7B, respectively.
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Compared with 0 week of age, significant increases of ALR2 mRNA expression were noticed at 1 and 2 weeks 1 5
of age, while no change of the ALR2 mRNA level was found at 3 weeks of age (Fig. 7A) . A significant
decrease of ALR2 mRNA abundance was detected at 4 months of age (Fig. 7A ). Western blot analysis 1 7
revealed that there was no significant change of the ALR2 protein (≈36kDa) level until 2 weeks of age ( protein was observed at 4 months of age (Fig. 7B) . Immunohistochemical analysis showed a strong positive 2 0 reaction of ALR2 in Leydig cells and SCs at all neonatal ages ( Fig. 7C and Table 2 ). At 4 months of age, the 2 1
immuno-reactivity of ALR2 in Leydig cells was visibly reduced, while a strong immuno-staining of ALR2 2 2 was found in Sertoli cells ( Fig. 7C and Table 2 ). respectively. In addition, the localization of these molecules in the pig testes was evaluated by 6 immunohistochemistry. Criteria used to select the molecules tested in the present study were based on our 7
unpublished DNA-microarray analysis, which showed differential expression of pig testicular genes between prepubertal pig testis at 4 months of age was similar with to the protein expression pattern. Thus, these results CYP11A1 and HSD17B4, differential localization of molecular expression was found in the prepubertal pig 2 0 testis, indicating a change and/or addition to the functional roles of these molecules in the pig testis during 2 1 postnatal development.
2
The synthesis and metabolism of steroid hormones require a variety of steroidogenic enzymes. The of estrogen production in the pig testis during early neonatal development would result in an increase of 3 0 CYP19 expression. Indeed, the present study showed marked increases of CYP19 mRNA and protein levels in , 1978) , it is reasonable to consider that the overall CYP19 level and 7 activity in the pig testes during the early neonatal development would be greater than the findings from the 8 present study, as well as previous studies (Moran et al, 2002) . Thus, it is speculated that such increase of 9 CYP19 activity during the first two weeks after the birth would strongly correlate with a significant secretion 1 0 of nandrolone from the neonatal pig testis. neonatal development (Claus and Hoffmann, 1980; Ford, 1983) . In the present study, the lowest level of
HSD17B4 mRNA in the pig testis during the early neonatal period was detected at 0 week of age, while the 1 8 highest level of HSD17B4 protein was found at the same age. These data indicate the existence of Leydig cells of the neonatal pig testis (Kobayashi et al., 1996) , and this is in agreement with our present in the pig testis is not understood at this point. However, significant increases of mRNA and protein levels information for a role of ALR2 in the pig testis should be addressed in future studies. 2000; Herrera et al, 1983; Schwarzenberger et al, 1993; Van Straaten and Wensing, 1978) . In addition, van the pig testis reaches the highest value at 3 weeks of age after the birth. These findings imply that a 2 5
proportional increase of the Leydig cells relative to the testicular interstitium and seminiferous tubules would contribute to enhanced expression of steroidogenic enzymes in the pig testis during the early neonatal period.
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In pigs, the total body weight shows an almost 10-fold increase, with maximal growth in the skeletal muscle,
during the first month of birth (Sarkar et al, 1977) . As stated earlier, nandrolone, an androgen having 10 times 2 9
higher anabolic activity than testosterone, is found at high concentrations in pigs during early neonatal 3 0 development (Schwarzenberger et al, 1993) . Thus, it is believed that anabolic steroid hormones synthesized Claus R, Hoffman B. Oestrogens, compared to other steroids of testicular origin, in blood plasma of boars. expression in porcine adrenal gland and testis. Biol Reprod. 1996;54:497-505.
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